It has long been recognized that the renal proximal tubular epithelium of the hamster is a bona fide estrogen target tissue. The effect of estrogens on the growth of proximal tubule cell explants and dissociated single cells derived from these explant outgrowths has been studied in culture. Renal tubular cells were grown on a PF-HR-9 basement membrane under serum-free chemically dermed culture conditions. The cells of tissue explant outgrowths exhibited ultrastructural features typical of proximal tubules including junctional complexes, numerous mitochondria, peroxisomes, and microvilli. At 7-14 days in culture, cell number was enhanced 3-fold in the presence of either 17.3-estradiol or diethylstilbestrol. Maximal proliferative response was observed at hormone concentrations of 0.6-1 nM. A similar 3-fold increase in cell number was also seen at 1 nM 17(3-estradiol in subcultured dissociated single tubular cells derived from hamster renal tubular explant outgrowths at 21 days in culture. Neither progesterone, 5a-dihydrotestosterone, nor the inactive diethylstilbestrol metabolite (3-dienestrol elicited this mitogenic effect. Concomitant exposure of tamoxifen at 3-fold molar excess in culture completely abolished the increase in cell number seen with 17.8-estradiol. Tubular cells obtained from hamster medulla did not exhibit this proliferative response when exposed similarly to 17(8-estradiol or diethylstilbestrol.
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The proliferative effect of estrogens on proximal tubular cell growth appears to be species specific since 17.8-estradiol did not alter the growth of either rat or guinea pig proximal tubules in culture. In addition, at 7-10 days in culture in the presence of 17 (8-estradiol, [3H] thymidine labeling of hamster tubular cells was enhanced 3-fold. A similar increase in mitoses was also observed in cultures containing these potent estrogens during the same time interval of estrogen exposure. These results clearly indicate that estrogens can directly induce primary epithelial cell proliferation at physiologic concentrations and provide strong additional evidence for an important hormonal role in the neoplastic transformation of the hamster kidney.
Perhaps the most significant direct role of estrogen action in vivo is its ability to elicit receptor-mediated cellular proliferation in mammalian target tissues such as the uterus, vagina, and mammary gland. It has therefore been particularly puzzling to those in the field of hormone action that specific estrogen-induced cell proliferation in cultured primary epithelial target cells under serum-free chemically defined conditions has as yet not been shown at physiological hormone concentrations. This has led to speculation that estrogens may not be direct mitogens in target tissues but may be mediated by autocrine, paracrine, or external growth factors (1-3). However, estrogens have been shown to be directly mitogenic in a cultured human mammary tumor cell line (MCF-7) (4). Various studies, on the other hand, have been unable to demonstrate proliferative responses in uterine, vaginal, or mammary epithelial cells in vitro (5) (6) (7) (8) , while others required greater than physiological hormone levels to obtain minimal responses (9, 10) .
In previous reports (11) (12) (13) (14) , we have clearly established that the renal cortex of the hamster is a bona fide estrogensensitive target tissue. This was ascertained by the presence of a specific estrogen receptor in the kidney, its increase after continued estrogen stimulation, and a 13-fold induction of progesterone receptor in this organ after estrogen treatment. Moreover, renal ornithine decarboxylase activity is also stimulated early by estrogens after in vivo hormone administration in the hamster (15) . We have also provided evidence that the hormonal property of estrogens has an essential role in effecting the in vivo neoplastic transformation of the hamster renal cortex by these hormones (14, 16) .
We presently report that estrogens, both natural and synthetic, are specifically mitogenic when added to isolated hamster proximal tubular cell explants in culture and in subcultured cells derived from these explants when grown on a basement membrane substratum. This finding is unique in its demonstration that estrogens can induce primary epithelial cell proliferation under serum-free chemically defined conditions at physiological hormone concentrations.
MATERIALS AND METHODS Animals. Adult noninbred castrated male Syrian golden hamsters (Harlan Sprague-Dawley) weighing 85-100 g (50-60 days old) and adult Hartly guinea pigs (O'Brien, Oregon, WI) weighing 300-400 g were used. Animals were maintained on a 12:12 light/dark cycle (0600-1800 hr) with free access to food (Rodent Certified Chow 5002, Purina) and water.
Steroids. Steroid hormones were obtained from Sigma and their purity was determined by high-pressure liquid chromatography (Waters 840 chromatograph) on two tandem octadecyl (C18) columns (IBM Instruments); purity was 95%.
Isolation of Tubules. Kidneys were removed from hamsters or guinea pigs after euthanasia with methoxyflurane anesthesia, and the cortex was separated from the medulla. The technique for isolating hamster and guinea pig tubules was similar to that for human tubules (17 
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Only 17/3-estradiol and DES caused significant increases in cell outgrowth compared to basal medium containing no added hormone (Fig. 4) complexes, and peroxisomes, form actual tubules in culture after 21 days in the presence of estrogen.
Effect of 17(3-Estradiol on [3H]Thymidine Labeling of Cultured Primary Hamster Renal Tubular Cells. Renal tubules were grown for 9 days in the presence or'absence of 17/3-estradiol. At various times, [3H]thymidine was pulsed for 4 hr and cultures were then subjected to autoradiography and counterstained with hematox'ylin and eosin. Direct examination after autoradiography revealed numerous labeled cells, many of which were undergoing mitosis. Total cell number and the number of labeled cells in outgrowths were calculated from counts made as described in Materials and Methods. Cell number was 2-to 3-fold greater in the presence of 17,3-estradiol, confirming the results based on EDTA dissociation. Furthermore, the number of labeled cells increased markedly in the presence of hormone, attaining about a 3-fold higher number of labeled cells than that of control cultures on days 7 and 9 (Fig. 5) .
On day 10, there was a 2-fold increase in cell number, which coincided with a similar increase in mitoses in the 17,8-estradiol-exposed cultures compared to control cultures as visualized with Giemsa stain (data not shown).
Effect of 17(8-Estradiol on Dissociated Subcultured Tubular Cells Derived from Parent Tubular Outgrowths. Since the growth of primary proximal tubular explants is exceedingly complex, involving processes such as attachment, cell migration, mitosis, and cell death (20) , it becomes pertinent to study the effect of 17/8-estradiol on the increase in cell number when hormone is added to dissociated single tubular cells cultured in the absence of parent-tubules. Approximately 3 x 104 cells were plated onto HR-9 basement membrane-coated flasks containing various concentrations of 17p-estradiol. After 21 days in culture, there was a 3-fold increase in cell number in cultures containing 1 nM 17,3-estradiol compared to basal medium (Table 1 ). This finding (21, 22) . However, the" mechanism by which tumor induction occurs remains unclear. We have proposed that hormonal as well as carcinogenic (i.e., metabolic activation) factors play essential roles in the induction of renal neoplasms in the hamster (14, 16, 23) . The present study further supports a role for hormonal activity in the process of estrogen-induced neoplastic transformation in the unique finding of a species-, cell-, and hormone-specific proliferative response on cultured hamster proximal tubular cells. The estrogen-specific effect is of particular significance in that it occurs at physiologic hormone concentrations and under serum-free chemically defined culture conditions. The mitogenic effect -of estrogens on hamster proximal tubular cells has been shown in cultured tissue explant outgrowths as well as in isolated dissociated cells in culture. The advantage of studying tissue (26) (27) (28) (29) . However, it has been shown that neither cultured mouse vaginal nor mammary epithelial cells exhibit a proliferative response to estrogens, even on a collagen substrate (5, 7) . Therefore, it seems likely that the cell substrate is not the sole reason for the success observed in our system. It is noteworthy that the H301 cell line derived from an estrogen-dependent hamster kidney tumor has also been shown not to proliferate in response to estrogen (30) . This inability to demonstrate a hormone proliferative response in that study, however, may be due to a lack of appropriate substratum.
It is significant that neither the guinea pig nor the rat proximal renal tubular epithelium exhibits a similar response to estrogens in culture since renal tumors are not induced in these species after estrogen treatment. Although it has recently been postulated that the estrogen-induced renal neoplasm in the hamster may have a mesenchymal vascular smooth muscle origin (31), the finding that contaminating small arteries that contain smooth muscle do not show any proliferative response to either 17,8-estradiol or DES is evidence contrary to this idea. On the other hand, the present findings are consistent with our proposal that the hamster kidney tumor arises from a cell type committed to the epithelial proximal tubule pathway (32) .
In conclusion, the ability to culture hamster renal tubules and dissociated single cells under serum-free chemically defined conditions and the demonstration of an enhanced proliferative response to estrogens by these cells provide a powerful tool for studying the mechanisms of estrogen carcinogenesis as well as the normal and abnormal growth regulation of hormone-responsive target cells.
